The climate is changing, both globally and in the UK. To adapt effectively, engineers and planners need as much information as possible on how the climate will evolve. The UK Climate Impacts Programme (UKCIP) provided this in 2002 with UKCIP02 and the latest data UKCP09, which provides data to a resolution of 5 km square grids over the UK. Data sets from these were used in this study along with the historical measured data for three locations -Bracknell (London), Manchester and Edinburgh -to analyse critically the likely changes that may occur in the key climate variables, that is temperature, sunshine duration and solar irradiation. These parameters have an important bearing on the design and function of buildings and building services. Sunshine duration is the main variable that is used to obtain solar radiation in the UKCP09 5 km grid data. For the grids containing Bracknell, Manchester and Edinburgh, most of the UKCP09 data sets for the years 2050 and 2080 showed abnormally elongated sunshine duration, that is from sunrise to sunset, for clear days. In contrast, the latest historic measured data sets indicate only a third of the above sunshine duration. Note that the latter data are used in cooling load design calculations and for the generation of sol-air temperatures. 1 Of particular note was the anomalous occurrence in UKCP09 of late evening sunshine duration. For Bracknell and Edinburgh, the sunshine duration at hour ending 20 and beyond showed substantial amount of predicted sunshine. As a result of this work, corrective action has been proposed for UKCP09 data. Furthermore, a very significant increase was also noted in solar irradiation for UKCP09. For the historic measured data for Bracknell, the clear day noon irradiation is 818 Wh/m 2 . For the UKCP09 grid containing Bracknell the 2080 High Emission scenario data gives an average value of 1002 Wh/m 2 , an increase of 23%. The same trend occurs for Edinburgh, (a present value of 789 Wh/m 2 and the predicted value of 948 Wh/m 2 , an increase of 20%). Note that compounded with presently found increase of 4-58C increase for the above locations, the substantial increase in irradiation will have a much more pronounced increase in the cooling load of buildings. An evaluation of the change in the character of solar radiation was also undertaken. This was done by noting the change in the diffuse fraction of global irradiation. For Bracknell and Edinburgh historic data and UKCP09 data 2080 High Emission data set show a drastic
decrease, respectively from 0.37 to 0.13 and from 0.33 to 0.14. Diffuse fraction may be used as an indicator of the prevailing sky clarity. If the predictions come true a drastic decrease in the diffuse fraction of this magnitude signifies a radical shift in the character of solar climate for the future. The current solar climate of Bracknell is known for its above average turbidity, the latter stemming from the following factors: inland location, high-density housing, proximity to Heathrow airport and M25 London orbital motorway. Whether such an extreme shift in the sky clarity will occur within a matter of 60-70 years is open to discussion. Practical applications: To adapt effectively against the challenge posed by climate change engineers need to know the extent to which the basic climate variables such as temperature and solar radiation will change. This work has used basic data from the UKCP09 project to analyse the extent of the above change with respect to the basic and other derived data. It was shown that for Scottish and English locations a temperature rise of up to 4-58C may occur between the present age and the year 2080 for High Emission scenario. It was also shown that the corresponding irradiation strength may increase around 22%. Furthermore, it was also found that if these predictions come true then a drastic decrease in the diffuse fraction of irradiation will produce a radical shift in the character of solar climate. The resulting higher proportion of beam irradiation will have to be handled with care in design of overhangs and other shading contraptions to prevent an excessive increase in cooling load of buildings. The climate is changing, both globally and in the UK. A large group of climatologists have determined that over the next few decades, irrespective of any emission reductions in the short term, the climate change projections indicate significant impacts in the future and thus a strategy of adaptation to minimise the consequences has to be addressed. 2 To adapt effectively, engineers and planners need as much information as possible on how climate will evolve, and supplying this is the aim of the projections of UK climate change actions that have come to be known as UKCIP02 and UKCP09. They are one part of a UK government programme of work to put in place a new statutory framework on, and provide practical support for adaptation.
The UKCIP02 climate change scenarios were derived from a series of climate modelling experiments commissioned and funded by the UK Government through its funded agencies. Changes to the UK climate were reported across a grid with 50 km cell size. The UKCIP02 scenarios were based on four different IPCC SRES emissions scenarios:
Low Emissions Medium-Low Emissions

Medium-High Emissions High Emissions
For each scenario, the predicted change in future climate for the United Kingdom was calculated for three future time-slices: 2011 to 2040 (called the 2020s) 2041 to 2070 (called the 2050s) 2071 to 2100 (called the 2080s)
Within each time-slice, changes were presented for several time-scales:
Changes in annual averages Changes in seasonal averages Changes in monthly averages Changes in the frequency of some extreme events
The UKCP09 activity has furthered the above work. The updated projections have been designed as input to the choices that engineers and planners will need to make, in sectors such as transport, building services, healthcare, water resources and coastal defences, to ensure that the UK is adapting well to the likely changes in the climate. The underlying projections are in the form of numerical data that can be explored and downloaded with a purpose-built User Interface (UI).
Data sets from the UKCIP02 and UKCP09 were used in this study along with the historical measured data for three locations to critically analyse the likely change that may occur in the key climate variables, that is temperature, sunshine duration and solar irradiation. These parameters have an important bearing on the design and function of buildings and building services.
UKCIP02
In 2002 the UKCIP 02 3 HadCM3 simulates 28 daily weather parameters including the downward shortwave flux of solar irradiance (DSWF). The year is split conveniently into 360 days, with 30 days in each month. Weather data from HadCM3 are available for the years 1860-2099, for the A2 and B2 scenarios.
To obtain a finer resolution a Regional Climate Model (RCM), developed by the Hadley Centre of the Met Office in the UK, HadRM3 can be used. Here each grid-box is approximately 50 km Â 50 km. HadRM3 includes local features such as mountains, valleys and lakes not present in HadCM3. However, due to the high number of gridboxes from having higher resolution, it is impractical to run RCMs for long periods of time. As a compromise to this problem, RCMs are only constructed for limited areas and run for shorter periods. Results from GCMs at the boundaries of the constructed RCM and sea-surface conditions are used as inputs for the RCM.
Unlike HadCM3, where daily data is available continuously from 1860 to 2099, data for HadRM3 is only available for two extreme periods. There are three runs of data for 1960-1990 (mid-decade 1970s) and three runs for 2070-2100 (mid-decade 2080s) for the A2 scenario. To obtain data for intermediate periods, 2020s and 2050s and other scenarios, pattern-scaling is required. The required pattern-scaling factor is multiplied to the difference between the average 1970s and 2080s (A2) values, and added to the 1970s value. 3 The pattern-scaling factors are shown in Table 1 related to the four IPCC SRES scenarios. 4 The HadRM3 outputs are the basis of the Climate Projection 2002, (UKCIP02).
Comparison of older modelled and
observed solar data The UKCIP02 grid-based data has been used to project, or 'morph', current observation point to produce test reference years (TRYs) and design summer years (DSYs) for 2050 and 2080 for different scenarios. 5 UKCIP02 also has modelled historic gridbased data which can be compared to observation point data. Although the grid-based data are for 25 km grids it is interesting to compare them with the relevant observed data within the grids. Heathrow and its relevant CM3 and RM3 grids will be examined. The data available for analysis are for Heathrow/Bracknell (the London CIBSE reference) for the years 1976-1995 (HeB76-95).
For the Hadley models, one of the solar irradiance parameters is downward shortwave flux (DSWF). This is the average daily solar irradiance measured in W/m 2 , whereas weather data from Bracknell provide hourly diffuse and global solar irradiance. In order to make a valid comparison between the two data sets, the 24 hourly values of observed global solar irradiance were summed and then divided by 24 to give an average daily value for the solar irradiance.
The HadCM3 grid data and observed data from Bracknell (HeB76-95), when smoothed by a 10-year moving average curve, fit extremely well for both summer and winter (for further details see Chow 6 ). However, for HadRM3 data, there is an over-estimating for solar irradiance in both summer and winter, by approximately 20% of the real observed values, but the slight rise in summer, and slight drop in winter agreed with projections from HadCM3. At present, 10-year averaged daily solar irradiance in summer is about 190 W/m 2 , with yearly averages reaching as high as 230 W/m 2 . By 2090, this can rise to as high as 220 W/m 2 and 265 W/m 2 , respectively. This is a rise of around 30 W/m 2 . The rise for HadRM3 is from around 220 W/m 2 to 250 W/m 2 , so the magnitudes of the increase are similar for both models.
In winter, the 10-year averaged daily solar irradiance is about 33 W/m 2 , with yearly averages reaching as high as 38 W/m 2 . By 2090, this falls to 30 W/m 2 and 36 W/m 2 , respectively. For the 10-year average, there is a drop of approximately 3 W/m 2 . For HadRM3, the drop is from 42 W/m 2 to 40 W/m 2 , which is a drop of 2 W/m 2 , so the amount of solar irradiance reduction in winter for both HadCM3 and HadRM3 are similar.
Comparisons of DSWF using
clearness index (K T ) Another way of analysing solar irradiance is by close examination of the distribution of the sky clearness index, K T . This is defined as the ratio between global solar irradiance receives by a horizontal surface on Earth (gsr) and the extra-terrestrial irradiance on a horizontal surface (G E ). G E can be calculated from Equation (1): where YD is the day of the year, SolAlt is the solar altitude. Hourly values of GSR, and K T were calculated, 6 and cumulative curves were plotted for each month for HadCM3 and HadRM3. These were compared with the cumulative curves for real observed data (HeB76-95), and future cumulative curves for 2080s were also plotted from data from the two Hadley models.
The monthly cumulative comparisons for July and January are shown in Figures 1 and 2 as typical months representing summer and winter.
From Figure 1 , it can be seen that compared to real observed data, the models have a different shaped cumulative curve, showing a greater proportion of high K T values. This is more severe in HadRM3 than in HadCM3, and both models predict a rise in high K T in 2080s. The actual maximum value for K T remains at around 0.75 in all cases, showing that the maximum value itself does not increase with the models or with time, and it is only the distribution that is different and changing.
The situation in winter is shown in Figure 2 . Here, the shapes of the cumulative curves from the Hadley models again differ from that of real observed data. HadCM3 appears to under-predict K T values whereas HadRM3 is again over-predicting, but to a lesser extent than in summer. Both HadCM3 and HadRM3 show a reduction in K T values as expected from previous analyses.
It appears from the study of cumulative comparisons that despite not being ideal, HadCM3 is a more reliable model for providing solar irradiance data. The over-prediction of high solar irradiance in HadRM3, especially in summers of 2080s seem unreasonable.
Distribution shapes of summer DSWF
As with summer T MAX and winter T MIN , the distribution of DSWF can also be analysed. Due to the low values of DSWF in winter, the distribution histograms are very similar, with high frequencies concentrated near zero. These are not of any significance and only summer DSWF distributions are looked at in more detail. The change in the shape of the distribution for HadCM3 DSWF is very little, perhaps with more high values added at the high end of the x-axis. For HadRM3, the transition is rather staggering, with an enormous increase in the amount of high solar irradiance. It is worth noting that in both cases, the actual maximum and minimum values of DSWF do not change at all. As maximum DSWF usually occurs on clear days, it means that on a clear day, the amount of average solar irradiance received will not change.
The distribution of 1970s solar irradiance from HadCM3 and HadRM3 are also compared with that for real observed data in Bracknell (HeB76-95), as shown in Figure 5 . The real observed distribution looks to be of a shape somewhere between HadCM3 1970s and 2080s, suggesting that for solar irradiance, HadCM3 is a more accurate model, and the shift has already occurred in HeB76-95 as it is of a slightly later time-span than HadCM3 1970s.
Comparisons of DSWF at various
percentiles As with summer T MAX and winter T MIN , the distribution of DSWF can also be analysed at various percentile points, and compared to corresponding values from real observed data to see the comparison at different parts of the spectrum. Figure 6 shows the difference in Global Solar Irradiance (GSR) of Hadley model data under two different scenarios (A2 and B2) from the real observed data set for Heathrow for the period 1976-1990. The differences were again calculated for several percentile values. Here, HadCM3 seems to be the steadier of the two models, slightly underpredicting irradiance values at 50%, 2%, 1% and 0.2%, and over-predicting at the highend of the spectrum by a maximum of 18 W/m 2 . Data from HadRM3 also performed well at the low-end of the spectrum, even slightly better than the performance of HadCM3. However, at the high-end, it did not match as well with over-prediction reaching beyond 30 W/m 2 for the 98 percentile values. Building engineers and designers are more concerned about high solar irradiance, (99.6%, 99%, 98%) and possibly the mean values too, (50%), so from this viewpoint the solar irradiance data from HadCM3 seem to be more reliable.
Cloud cover
Cloud cover is one of the major factors affecting the amount of solar irradiance reaching the Earth's surface. Traditionally, data from weather stations quote cloud cover in oktas. This is done by the observer visually Adjustments were made to real observed data, so that for all comparisons, cloud covering range from 0 to 1. The physics of how clouds affect solar irradiance is complex and requires knowledge of cloud type and the height of the cloud. However, this is not readily available from real observed data or data from Hadley models. Comparisons were made to explore the changes in cloud cover in the future, and also how model data differs from real data.
Trends for summer and winter cloud cover
The slight increase in summer solar irradiance and decrease in winter solar irradiance relate well with the fact that the cloud cover is decreasing slightly with time in summer and increasing slightly in winter for both HadCM3 and HadRM3 as shown in Figures 7 and 8 . So, there appears to be more spells with clearer skies in summer and more cloudy days in winter in the 21st century.
For comparisons with real observed cloud cover, HadCM3 under-predicts in both summer and winter, whereas data from HadRM3 compare slightly better.
UKCP09
UKCP09 is the most comprehensive package produced to date and it is the fifth generation of UK climate projection. Probabilistic projections of climate change are provided based on quantification of the known sources of uncertainty. A User Interface (UI) is provided to facilitate access to the projections and a User Guidance is available to support decisions related to using UKCP09. An analytical tool which is the Weather Generator (WG) together with the Threshold Detector is offered to support users in exploring potential impacts, vulnerabilities and adaptation options.
Three types of climate information available from the UKCP09 are: UKCP09 is composed of three strands of climate information:
Probabilistic projections
Probabilistic projections Marine and coastal projections Observed climate and climate trends
As the fifth generation of climate information for the UK, UKCP09 reflects advances in our understanding and in modelling of the climate system, in the ability to analyse the modelled outputs and in computing power. These advancements have allowed for greater quantification of uncertainty, integration of the results of climate models from centres other than Met Office Hadley Centre, and the inclusion of new developments such as carbon cycle feedback. They have also resulted in UKCP09 being able to offer more information about the future climate of the UK marine and coastal areas.
The projections are provided at seven 30-year time periods covering the period from 2010 to the end of this century and at a 25 km spatial resolution.
There is also an increased focus on the UK past and current climate, including trends. This is reflected in the provision of a special report on the climate of the UK and recent trends. In addition, UKCP09 provides a link to the Met Office website through which users will have access to more observed data and derived statistics than has previously been available.
UKCP09 provides vast amount of information to users. To avoid users getting flooded with too much information, and facilitate its use, UKCP organised the information into three categories:
(1) Key findings -a description of the climate (observed and projected) for primary variables, both at the regional and national levels (2) Published material -the scientific reports; observed trends, climate projections report, marine and coastal projections report, WG report, briefing report, user guidance, and pre-prepared maps and graphs. These reports are available http://ukclimateprojections.defra. gov.uk/content/view/516/500/ (3) Customisable outputs -through the UKCP09 UI, users need to register to enable them to access and download the projections data, and generate and customise images (maps and plots) that meet their specific informed requirements. UKCP09 WG and its accompanying threshold detector can be accessed as well. The UI can be accessed at: http://ukclimateprojections-ui.defra. gov.uk/ui/admin/login.php A peer review panel was set up to check and verify the methodology and outputs throughout their development, examined the methodologies used to produce the climate projections and the marine and coastal projections as well as the WG. 7 The science underlying UKCP09 has been the subject of peer review within the scientific literature (see references within the sciences reports). In addition, to checking and verifying the methodology and outputs throughout their development, a peer review panel examined the methodologies used to produce the climate projections and the marine and coastal projections, as well as those to develop the weather generator tool, and found that they are credible using state-of-the-art science and methodologies. The team of reviewers also noted that the work carried out was of high standard and represented a large step beyond UKCIP02.
The scientific reports and user guidance have benefited from recommendations to improve the description and communications of the methodologies and assumptions, including the implications for use.
Further papers are to be published bringing together the complete methodology and users will be advised of these through this website.
UKCP09 is the result of a collaborative effort involving a number of organisations and individuals who have worked on a range of tasks and responsibilities to prepare UKCP09 for launch. This collaborative effort has resulted in a wide range of expertise being brought to bear in delivering UKCP09 that is both scientifically sound and directed at offering information aimed at supporting users.
The UKCP09 will evolve with time based on experience gained. Therefore new functions are being added and existing ones modified. Besides that the User Guidance and science reports will also evolve with periodic updates reflecting these evolutions and the addition of the extras. Hence it is recommended that users should ensure that most up-to-date versions of the User Guidance and science reports are used. For further information on updates the following link is provided: http://ukclimateprojections. defra.gov.uk/content/view/932/9/ The following section will discuss only the WG tool which is used in this study. In-depth details and information about UKCP09 can be accessed through its website at: http:// ukclimateprojections.defra.gov.uk/
Weather generator
The UKCP09 WG is a downscaling tool that is used to generate statistically plausible daily and hourly time series that comprise of a set of climate variables at a 5 km resolution. These series of variables are consistent with the underlying 25 km resolution climate projections. The method used is the Neyman-Scott Rectangular Processes (NSRP) model, 7 which is similar to the one used by Burton et al., 8 Kilsby et al. 9 and Cowpertwait et al. 10 It can produce a minimum of 100 daily (and hourly) time series from 30 to 1000 years in length. The user specifies the number of years where options are available for daily and hourly outputs. There are no graphical products available through the UKCP09 UI based on the WG outputs. Figure 9 shows procedures that are used to generate climate variables from the WG output. These procedures were extracted from the WG report. 7 Parameters of the Neyman-Scott Rectangular Processes (NSRP) can be estimated by selecting a set, that match as closely as possible to the expected statistics of the generated time series with the corresponding statistics estimated from an observed rainfall time series. These statistics are derived in the first instance from the observed rainfall include: mean, variance, skewness and autocorrelation of daily rainfall amounts and the proportion of dry days.
Once the precipitation sequence has been generated, other weather variables can be generated, maintaining the observed relationships between the variables. These relationships are collectively referred to as inter-variable relationships (IVRs).
Each of the other WG variables is normalised by subtracting the appropriate mean and dividing by the daily standard deviation for each half month of the year (used to better approximate the annual cycle of the non-rainfall variables); there being four different distributions or transitions, determined by the wet/dry status of the preceding and the current day, i.e. wet-wet, dry-dry, wetdry and dry-wet.
The WG then generates time series for the following four variables: The values of mean daily temperature (T) and the diurnal temperature range (R) can then be used to calculate maximum and minimum temperatures.
Relative humidity is also calculated from vapour pressure using the saturation vapour pressure at the mean temperature.
Direct and diffuse radiation are additionally calculated from formulae given by Muneer 2 , based principally on the daily sunshine amounts. The WG output consists of a set of files as follows:
(1) Control run -100 time series of 30 years for the baseline period. The output variables of the WG are default outputs and the user cannot reduce the amount of output variables. The output variables for each run either daily or hourly time series are as below:
Daily time series variables:
Year, month, day, day count within year, transition, mean total daily precipitation rate (mm/day), minimum daily temperature (8C), maximum daily temperature (8C), vapour pressure (hPA), relative humidity (%), sunshine hours (hours), downward diffuse radiation (Wh/m 2 ), direct radiation (Wh/m 2 ) and potential evapotranspiration (mm/day)
Hourly time series variables:
Year, month, day, hour, total hourly precipitation (mm), mean hourly temperature (8C), vapour pressure (hPA), relative humidity (%), sunshine (fraction of an hour), downward diffuse radiation (Wh/m 2 ) and direct radiation (Wh/m 2 ).
The output file from the WG comprises of two types of formats that is comma-separated ( Ã .csv) and the CF-NetCDF (portable binary data) formats. For this study, hourly time series in the 'csv' file format was selected.
Data sets
The measured dataset used in this study is the one used by the UK Chartered Institution of Buildings Services Engineers (CIBSE) for the production of its Guides A & J. Long-term hourly data from three locations in the UK was used for this study namely Bracknell, Manchester and Edinburgh. The reader is referred to Muneer and Fairooz 11 for further details regarding the quality control procedures that were used to prepare 'cleaned' data sets.
Future data generated from the WG for the locations mentioned above were used. Three carbon dioxide (CO 2 ) emission scenarios at different time series were selected for this study, namely 2030 Low Emission (LE), 2050 Medium Emission (ME) and 2080 High Emission (HE) scenarios. A total of four data sets generated from the UKCP09 WG were used for each location. These four data sets were control data and the three time series data sets mentioned before. These data sets were selected because it covered different CO 2 emission scenarios and a wide range of time series from 2020 till the end of this century. The control data set produced by the WG is the measured data for the chosen locations from year 1961 to 1990. Table 2 shows the details of all data that were presently used. 
Methodology
Data sets from the UKCP09 WG were generated through the UI provided by UKCP website. A single run of the WG produces 100, 30-year hourly future data files of the selected scenario and 100, 30-year hourly control data files. These files are then combined into one single file for each data type, that is control file and future data file. All files were combined by using Microsoft Windows Õ cmd program.
After combining all the files, the year variable has to be changed to an ascending sequential order from 1 to 3000. For this study the year numbers have been re-assigned the values of 5001 to 8000. This is because each of the output file from the WG contained the same year that started from 3001 to 3030. Furthermore, by changing the year sequence, the exact days for the selection of the 89.5 percentile days can be identified and used for further analysis in this study. The 89.5th percentile is used because data generated from the WG, which exceed of 90 percentile, is of high uncertainties.
In the next step the daily global solar radiation (gsr) is summed up from the constituent hourly values. The monthly daily gsr files were rearranged in ascending order according to daily gsr value. This process is used to identify the 89.5 percentile days.
All the above-mentioned tasks were carried out using Microsoft Excel Õ and in-built Visual Basic for Application (VBA) tool. Figure 10 presents all of the above-mentioned steps.
Results and discussion
Three basic variables from the WG output were analysed in detail namely sunshine UKCP09 WG output files.
Change the year sequence from the repetition of 3001 to 3030 to a complete 3000 years sequence e.g. 5001 to 8000.
Combine all WG output files into a single file.
Obtain daily sum of global solar radiation for each monthly file.
Divide raw data file into monthly files.
Arrange daily global solar radiation sum in ascending order to obtain the 89.5 percentile day. duration, gsr and dry-bulb temperature. All of these three variables are the basic inputs to most of the building simulation tools.
Sunshine duration is the main variable that is used to generate solar radiation in the WG as shown in Figure 9 . For Bracknell, future data set for 2050 ME and 2080HE show a full hour's sunshine from the 6th to the 20th hour of the day corresponding to the 89.5th percentile of daily total radiation. In contrast, the measured data set indicated only four full hours of sunshine that is from the 11th to the 14th hour. Furthermore when comparing the control data with the measured data, the control data showed a longer sunshine duration in the earlier hours of the day that is from the 5th to the 10th hour.
As for Edinburgh, a significant difference is found throughout the day between the control and WG data sets. The values of sunshine duration for measured data were found to be in the range of 0.4 and 0.8 hour for the 5th to the 20th hour of the day. However, for 2080HE data the corresponding hourly sunshine fraction were found to be in 0.8-1 range. Besides that, the control data also showed longer spells of sunshine for the entire day. The above difference of sunshine duration between the two data sets under discussion leads to the difference of gsr. This item will be discussed later on. Figures 11 and 12 show the differences between measured and future (predicted) values of sunshine duration for Bracknell and Edinburgh.
Of particular note was the anomalous occurrence in UKCP09 of late evening sunshine duration. For Bracknell and Edinburgh, the sunshine duration at hour ending 20 and beyond showed substantial amount of predicted sunshine. As a result of this work, the following corrective action has been proposed for UKCP09 data set, that is to use the World Meteorological Office (WMO) rule that bright sunshine duration corresponds to irradiation exceeding 120 W/m 2 . 12 The second variable is the gsr. The UKCP09 WG generates direct and diffuse radiation components. To obtain the gsr for these data sets, direct and diffuse radiation are added up. Figures 13 and 14 show hourly gsr for Bracknell and Edinburgh. At 13th hour of the day, significant differences of gsr were found for both locations. For Bracknell, the measured value of gsr is 818 Wh/m 2 and the 2080HE future value is 1002 Wh/m 2 . This shows a significant increase of 184 Wh/m 2 or 22.5%. The same trend is to be seen for Edinburgh, with the measured data value being 789 Wh/m 2 and the 2080HE predicted value of 948 Wh/m 2 . This is an increase of 159.2 Wh/m 2 or 20.2%.
Furthermore, an evaluation of the change in DRG was carried out. The DRG values for Bracknell show a drastic decrease from 0.37 for measured data set to 0.13 for 2080HE future data set. For Edinburgh, the DRG decreases from 0.33 to 0.14. Figures 15 and  16 , respectively, show in greater detail the decreasing trend of DRG for Bracknell and Edinburgh. DRG value is used as an indicator of the sky's clarity. A drastic decrease in DRG of this magnitude signifies a radical shift in the character of solar climate for the future. The current solar climate of Bracknell is known for its above average turbidity, the latter stemming from the following factors: inland location, high density housing, proximity to Heathrow airport and M25 London orbital motorway. Whether such an extreme shift in the sky clarity will occur within a matter of 60-70 years is open to discussion.
The third variable under study is the dbt. During the middle of the day that is 13th hour, the dbt for Bracknell shows an increment of as much as 3.78C while comparing the measured value with the 2080HE data. An even higher increment occurs for Edinburgh with the difference being 5.58C. This increase in future temperature is in line with the analysis of Betts et al. 13 24  23  22  21  20  19  18  17  16  15  14  13  12   Time   11  10  9  8  7  6  5  4  3 Figure 14 Comparison of future and measured hourly global solar radiation corresponding to the 89.5th percentile of daily total radiation for June. Location: Edinburgh Note: gsr ¼ global solar radiation, mea ¼ measured data (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) , cntr ¼ control data from the WG, LE ¼ Low Emission, ME ¼ Medium Emission, HE ¼ High Emission that future temperature may increase by as much as 48C. Hence summers warmer than the year 2003 may occur regularly if the predictions come true. Note that the 2003 heat wave was considered the hottest summer since the year 1500. [14] [15] [16] A 2003-type summer is predicted to occur quite regularly by the 2040s. 17 This presents a great challenge to the 
Conclusions
Data sets from the UKCIP02 and UKCP09 were used in this study along with the historical measured data for three locations to critically analyse the likely change that may occur in the key climate variables, that is temperature, sunshine duration and solar irradiation. It was found that both the UKCIP02 and UKCP09 data sets showed a substantial increase in temperature, sunshine and solar irradiation when compared to the historical measured data. For Bracknell and Edinburgh the clearday noon-temperatures were respectively found to increase by nearly 4-68C within a span of 75 years. Likewise, the increase in the corresponding irradiation was around 20%, which when combined with the drastic temperature rise would pose a serious challenge for the cooling of buildings. Furthermore, it was also found that the predictions indicate a radical change in the characteristics of solar climate, that is from the present diffuse fraction (of total irradiation) of 0.35 which indicates mild turbidity, the value would drop to around 0.13 indicating clear skies with exceptionally low turbidity. To the present researchers this behaviour was somewhat anomalous. The severe reduction in the diffuse fraction would mean that beam irradiance would be of a high order and this would necessitate appropriate shading design for windows and atria. It has been presently argued that if the UKCP09 predictions come true the building services industry has a real challenge at hand!
